IMAGE PROCESSOR WITH FRAME -RATE CONVERSION 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to image processors with 

frame-rate conversion that convert input video signals to 
video signals having a frame-rate (number of frames per 
second) that is different from the frame -rate of the input 
video signals . 

10 

2. Description of the Related Art 

A plasma display device equipped with a frame -rate 
conversion circuit that converts the frame-rate of the input 
video signal is now being commercialized. For example, a 
15 plasma display device disclosed in Japanese Patent Number 

3125269 is provided with a frame-rate conversion circuit that 
performs frame-rate conversion using two frame memories. 

In other words, this frame-rate conversion circuit is 
configured with first and second frame memories, and a frame 
20 memory control means that controls the writing and reading of 
these first and second frame memories. The frame memory 
control means performs such a control that , while the input 
video signals were written on one of the frame memories, 
video signals are read out from the other frame memory at a 
25 readout speed corresponding to a desired vertical 

synchronization frequency that is different from the vertical 
synchronization frequency of the input video signals. 
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Accordingly, each time when a vertical synchronization signal 
is detected in the input video signal, the frame memory 
control means alternately switches the readout target (or 
write target) to the appropriate frame memory as noted above. 

5 This operation prevents the so-called overrun phenomenon, in 
which stored data overwrites the video signal of the next 
frame while being read out from the frame memory, and also 
makes it possible to convert the input video signals to video 
signals that has a desired vertical synchronization frequency, 
10 thereby converting frame-rate. Since, however, an existing 

image processor includes two frame memories for such a frame- 
rate conversion circuit , there is a problem that such image 
processor is large in a circuit's scale. 

A main object of the present invention is to provide an 
15 image processor with frame-rate conversion that can perform 
frame-rate conversion of video signals with a single frame 
memory . 

SUMMARY OF THE INVENTION 

20 One aspect of the present invention relates to an image 

processor with frame-rate conversion that generates video 
signals being rate-converted by converting a vertical 
synchronization frequency of input digital video signals 
consisting of successive frames into a desired frequency. 

25 This image processor comprises a frame memory having a 

storage capacity for a single frame of said input digital 
video signals ; a memory write control circuit which 
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successively writes said input digital video signals on said 
frcime memory with a timing synchronized with a vertical 
synchronization signal included in said input digital video 
signals; a vertical synchronization signal generating circuit 
5 which produces a frequency signal mainly consisting of a 
train of N pulses (N being a natural number) for every M 
cycles (M being a natural number) of the vertical 
synchronization signal, as a vertical synchronization signal 
being rate -converted, the natural number N being larger than 
10 the natural number M; and a memory readout control circuit 
which reads out and outputs the input digital video signals 
from said frame memory in the order in which said input 
digital video signals were written and with a timing 
synchronized with the vertical synchronization signal being 
15 rate-converted, as said video signals being rate- converted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a configuration of an image processor with 
frame -rate conversion. 

20 FIG. 2 shows an example of the waveform of the rate- 

converted vertical synchronization signal VD generated based 
on the vertical synchronization detection signal V when the 
first conversion coefficient M is set to "5" and the second 
conversion coefficient N is set to ”6." 

25 FIG. 3 shows an example of the waveform of the rate- 

converted vertical synchronization signal VD generated based 
on the vertical synchronization detection signal V when the 
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first conversion coefficient M is set to "5" and the second 



conversion coefficient N is set to ”7." 

FIG. 4 is a drawing that schematically shows an exeimple 
of a storage area in the frcime memory. 

5 FIG. 5 shows an example of the operation of the image 

processor with frame-rate conversion when the first 
conversion coefficient M is set to "3" and the second 
conversion coefficient N is set to "2." 

10 DETAILED DESCRIPTION OF THE INVENTION 

The following are descriptions of embodiments of the 
present invention with reference to the accompanying drawings . 

FIG. 1 shows a configuration of one embodiment of an 
image processor with frame-rate conversion according to the 
15 present invention . 

As shown in FIG. 1 , a synchronization detection circuit 
1 generates a vertical synchronization detection signal V 
each time when a vertical synchronization signal is detected 
in the input video signal, and supplies the vertical 
20 synchronization detection signal V to a memory write control 
circuit 2 and a rate-converted vertical synchronization 
signal generating circuit 3. The memory write control 
circuit 2 generates a write signal WR that indicates the 
timing of the writing of each pixel synchronized with the 
25 vertical synchronization detection signal V, and supplies 
this write signal WR to a frame memory 4 . 

Based on a first conversion coefficient M and a second 
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conversion coefficient N (M and N are positive integers), the 
rate -converted vertical synchronization signal generating 
circuit 3 converts the vertical synchronization signal 
(frequency fi) of the input video signal to a rate -converted 
5 vertical synchronization signal VD that has a desired 

vertical synchronization frequency ± 2 . and outputs this rate- 
converted vertical synchronization signal with a timing 
synchronized with the above-mentioned vertical 
synchronization detection signal V. It should be noted that 
10 the second conversion coefficient N is set larger than the 
first conversion coefficient M, but not more than two times 
larger than the first conversion coefficient M. 

That is, the rate -converted vertical synchronization 
signal generating circuit 3 generates the rate- converted 
15 vertical synchronization signal VD with a vertical 
synchronization frequency ±2 given by the following 
expression: 

f2 = fi * (N/M), 

20 where M < N = 2 • M. 

The rate-converted vertical synchronization signal 
generating circuit 3 outputs a rate-converted vertical 
synchronization signal VD at such timing that for each pulse 
25 sequence mainly consisting of a train of N pulses in the 

rate -converted vertical synchronization signal VD, at least 
one of the pulses in the pulse sequence has the same timing 
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as one of the pulses in the vertical synchronization 
detection signal V. 

For example, when converting an input video signal with 
a vertical synchronization signal whose frequency is 50 Hz, 

5 such as that of the PAL system television signal, to a video 
signal with a vertical synchronization frequency of 60 Hz, 
the first conversion coefficient M is set to "5" and the 
second conversion coefficient N is set to "6." In this way, 
the rate-converted vertical synchronization signal generating 
10 circuit 3, as shown in FIG. 2, outputs a rate -converted 

vertical synchronization signal VD, whose frequency is 60 Hz, 
consisting of six consecutive pulses for every five cycle 
portions of the vertical synchronization detection signal V, 
that is, for every period of 5 x (1/50) seconds. One pulse 
15 within each of the pulse sequences consisting of six 
consecutive pulses in the rate -converted vertical 
synchronization signal VD has the same timing as one pulse in 
the vertical synchronization detection signal V, as indicated 
by the dotted lines in FIG. 2. That is, the rate-converted 
20 vertical synchronization signal generating circuit 3 outputs 
the rate -converted vertical synchronization signal VD whose 
frequency is 60 Hz, synchronized with the vertical 
synchronization detection signal V whose frequency is 50 Hz . 

Furthermore, when converting an input video signal 
25 whose frequency is 50 Hz to a video signal with a vertical 
synchronization signal whose frequency is 70 Hz, the first 
conversion coefficient M is set to "5" and the second 
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conversion coefficient N is set to "7." In this way, as 
shown in FIG. 3, the rate-converted vertical synchronization 
signal generating circuit 3 outputs a rate -converted vertical 
synchronization signal VD whose frequency is 70 Hz, 

5 consisting of seven consecutive pulses for every five cycles 
of the vertical synchronization detection signal V, that is, 
for every period of 5 x (1/50) seconds. One pulse within 
each of the pulse sequences consisting of seven consecutive 
pulses in the rate-converted vertical synchronization signal 
10 VD has the same timing as one pulse in the vertical 

synchronization detection signal V, as indicated by the 
dotted lines in FIG. 3. That is, the rate-converted vertical 
synchronization signal generating circuit 3 outputs the 70 Hz 
rate-converted vertical synchronization signal VD 
15 synchronized with the 50 Hz vertical synchronization 
detection signal V. 

Furthermore, when converting an input video signal with 
a vertical synchronization signal whose frequency is 60 Hz, 
such as that of the NTSC system television signal, to a video 
20 signal with a vertical synchronization signal whose frequency 
is 72 Hz, the first conversion coefficient M is set to "5" 
and the second conversion coefficient N is set to ”6." In 
this way, the rate- converted vertical synchronization signal 
generating circuit 3 outputs a rate -converted vertical 
25 synchronization signal VD, whose frequency is 72 Hz, 

consisting of six consecutive pulses for every five cycles of 
the vertical synchronization detection signal V, that is, for 
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every period of 5 x (1/60) seconds. 

Furthermore, when the first conversion coefficient M 
and the second conversion coefficient N are both set to ”1," 
the rate-converted vertical synchronization signal generating 
5 circuit 3 outputs a rate -converted vertical synchronization 
signal VD with the same frequency as the vertical 
synchronization frequency of the input video signal. 

In this way, in order to obtain a rate-converted 
vertical synchronization signal VD that has a vertical 
10 synchronization frequency of fi • (N/M) as described above, 

the rate -converted vertical synchronization signal generating 
circuit 3 generates a frequency signal consisting of N pulses 
for every M cycles of the vertical synchronization detection 
signal V and uses this frequency signal for the rate- 
15 converted vertical synchronization signal VD. 

The rate-converted vertical synchronization signal 
generating circuit 3 then supplies the rate-converted 
vertical synchronization signal VD to a display panel portion 
(not shown in drawing) that drives a display panel such as a 
20 plasma display panel, an electroluminescence panel, or a 

liquid crystal panel for example, as well as a memory readout 
control circuit 5 . 

The memory readout control circuit 5 generates a 
readout signal RD that indicates the timing of the writing of 
25 each pixel synchronized with the rate- converted vertical 
synchronization signal VD, and supplies this to a frame 
memory 4 . 
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While successively writing input video signals 
corresponding to the write signal WR, the frame memory 4 
reads out the video signals in the order that they are 
written corresponding to the readout signal RD, and outputs 
5 these video signals as a rate-converted video signal. 

FIG. 4 is a drawing that schematically shows an example 
of a storage area in the frame memory 4 . 

In the example shown in FIG. 4, the frame memory 4 is 
provided with a storage area assigned to addresses "1" to "n" 
10 corresponding to all the pixels, that is, a first pixel to an 

n-th pixel, of a display panel. The frame memory 4 

successively overwrites the input video signal of one frame 
portion of the picture to the addresses "1" to "n" in 
response to the write signal WR. Accordingly, the stored 
15 data is overwritten in order of the addresses ”1" to "n" each 

time the next frame portion of the picture is supplied. And 

during this time, the frame memory 4 reads out the stored 
data in order of the addresses "1" to ”n” in response to the 
readout signal RD. In other words, the frame memory 4 
20 successively reads out a video signal corresponding to the 

first pixel to the n-th pixel of a display panel in the order 
that it is written. 

FIG. 5 shows an example of the operation of the image 
processor with frame-rate conversion shown in FIG. 1. 

25 It should be noted that FIG. 5 shows a case in which 

the rate -converted vertical synchronization signal generating 
circuit 3 operates with the first conversion coefficient M 
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set to "2" and the second conversion coefficient N set to 
”3. " 

As shown in FIG. 5, with these settings, for every two 
cycles of the vertical synchronization detection signal V, 

5 the rate -converted vertical synchronization signal generating 
circuit 3 outputs within that period a rate -converted 
vertical synchronization signal VD consisting of three 
consecutive pulses. That is, the rate-converted vertical 
synchronization signal generating circuit 3 outputs a rate- 
10 converted vertical synchronization signal VD that is 

synchronized with the vertical synchronization signal of the 
input video signal as shown by the dotted lines in FIG. 5, 
and that has a frequency of (3/2) times that vertical 
synchronization frequency. When input video signals 
15 corresponding to a picture frame A, a picture frame B, a 

picture frame C, ..., and a picture frame E are supplied here 
as shown in FIG. 5, the frame memory 4 successively 
overwrites and stores the input video signals corresponding 
to each freime with a timing corresponding to the vertical 
20 synchronization detection signal V to the addresses "1" to 
"n. " 

For example, when the input video signals corresponding 
to the picture fame A are all stored in the addresses "1" to 
"n,” the input video signals corresponding to the next 
25 picture frame, the picture fame B, are supplied, and 

therefore the stored data corresponding to the picture frame 
A are gradually overwritten by the data that corresponds to 
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the picture frame B. During this time, the frame memory 4 

j 

successively reads out the data stored in the addresses ”1" 
to "n" with a timing that corresponds to the rate -converted 
vertical synchronization signal VDi shown in FIG. 5. Although 
5 the writing for the picture frame B is being executed at the 
same time, since the rate-converted vertical synchronization 
signal VD has a higher frequency than the vertical 
synchronization detection signal V, the readout speed for the 
picture freime A is faster than the writing speed for the 
10 picture frame B. Accordingly, before the data stored in the 
frame memory 4 is all overwritten with the video signals 
corresponding to the picture frame B, the video signals 
corresponding to the picture frame A are all read out . 

Then, when the reading out of the picture frame A, 

15 which was stored in the addresses "1" to "n," is finished, 

the frame memory 4 again starts the same readout process from 
the address ”1" with a timing corresponding to the rate- 
converted vertical synchronization signal VD 2 shown in FIG. 5. 
Then, in the period until the next rate -converted vertical 
20 synchronization signal VD3 is supplied, the video signals of 
the picture frame B are overwritten and stored in the 
addresses ”1" to ”n" of the frame memory 4. Therefore, the 
reading out from the frame memory 4 of the video signals 
corresponding to the picture frame B stored in the addresses 
25 "1" to "n" is carried out between the rate-converted vertical 

synchronization signals VD 2 and VD3. 

Then, when the reading out of the picture frame B, 
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which was stored in the addresses " 1 " to "n," is finished, 
the frcune memory 4 starts writing the video signals 
corresponding to the next picture frame, the picture frame C, 
with a timing corresponding to the vertical synchronization 
5 detection signal V, and also starts reading out in the 

following manner. Neimely, the frame memory 4 reads out the 
stored data in the addresses from " 1 " through "n" with a 
timing corresponding to the rate -converted vertical 
synchronization signal VD 3 shown in FIG. 5. Since the rate- 
10 converted vertical synchronization signal VD has a higher 

frequency than the vertical synchronization detection signal 
V, the speed at which the stored picture frame B is read out 
is faster than the speed at which the data for the picture 
frame C is overwritten. Accordingly, the video signals 
15 corresponding to the picture frame B continue to be read out 
successively from the frame memory 4. 

Then, when the re-reading out of all the video signals 
corresponding to the picture frame B is finished, the frame 
memory 4 successively reads out the data stored in the 
20 addresses " 1 " to "n" with a timing corresponding to the rate- 
converted vertical synchronization signal VD4 shown in FIG. 5. 
In the period until the next rate-converted vertical 
synchronization signal VD 5 is supplied, all the video signals 
of the picture frame C are overwritten and stored in the 
25 addresses ”1" to "n" of the frame memory 4. Therefore, the 
frame memory 4 carries out the reading out of the video 
signals corresponding to the picture frame C between the 
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rate- converted vertical synchronization signals VB 4 and VD5. 

Then, when the reading out of the picture frame C, 
which was stored in the addresses " 1 " to "n," is finished, 
the frame memory 4 again starts the same readout process from 
5 the address "1" with a timing corresponding to the rate- 

converted vertical synchronization signal VD5, In the period 
until the next rate-converted vertical synchronization signal 
VDg is supplied, the video signals of the picture frame D are 
overwritten and stored in the addresses " 1 " to "n" of the 
10 freime memory 4. Therefore, the reading out from the frame 
memory 4 of the video signals corresponding to the picture 
frame D stored in the addresses "1" to ”n" is carried out 
between the rate -converted vertical synchronization signals 
VD5 and VDe. 

15 Then, when the reading out of the picture frame D, 

which was stored in the addresses " 1 " to "n," is finished, 
the frame memory 4 starts writing the video signals 
corresponding to the next picture frame E with a timing 
corresponding to the vertical synchronization detection 
20 signal V, and also starts reading out in the following manner. 
Namely, the frame memory 4 reads out the stored data in the 
addresses from " 1 " through "n" with a timing corresponding to 
the rate -converted vertical synchronization signal VDe shown 
in FIG. 5. Since the rate -converted vertical synchronization 
25 signal VD has a higher frequency than the vertical 

synchronization detection signal V, the speed at which the 
stored picture frame D is read out is faster than the speed 
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at which the data for the picture frame E is overwritten. 
Accordingly, the video signals corresponding to the picture 
frame D continue to be read out successively from the frame 
memory 4 . 

5 With the above -described operation, the vertical 

synchronization frequency of the video signal is converted to 
(3/2) times without causing the so-called overrun phenomenon, 
in which stored data overwrites the video signal of the next 
frame while being read out from the frame memory. That is, 

10 with the frame-rate conversion circuit shown in FIG. 1, it is 
possible to convert the input video signal to a video signal 
that has a desired vertical synchronization frequency without 
(with frame-rate conversion) causing the overrun phenomenon 
and using a single frame memory. 

15 It is understood that the foregoing description and 

accompanying drawings set forth the preferred embodiments of 
the invention at the present time. Various modifications, 
additions and alternatives will, of course, become apparent 
to those skilled in the art in light of the foregoing 
20 teachings without departing from the spirit and scope of the 
disclosed invention. Thus, it should be appreciated that the 
invention is not limited to the disclosed embodiments but may 
be practiced within the full scope of the appended claims. 

This application is based on Japanese Patent 
25 Application No. 2003-59867 which is hereby incorporated by 
reference. 
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